Abstract
Introduction
Graduates of agricultural science degrees are expected to have developed competency in the recognition of agriculturally relevant plant species (e.g. Lindquist et al. 1989 , Pearce and Appleby 1992 , Gallagher et al. 2007 . In this context 'recognition' is the ability to recall the name of a species almost instantaneously, based on an overall assessment of a specimen's features, while 'identification' is arriving at a species' name by a stepwise answering of questions in a book, etc. For an agronomist working in an on-farm environment 'recognition' is far more preferable than 'identification'.
During a course to develop and assess the plant recognition skills of our agricultural science students, I used surveyed several student cohorts at different stages of their studies to explore: Keywords: recognition, identification, crop, weed, plant species, agriculture, students, education • What recognition skills do our first year students have at the very start of their studies? • What recognition skills do our second year students have at the start and end of their major Crop and Pasture Science subject? • What recognition skills do they have several months later?
Study design
The survey was based on a PowerPoint presentation of high quality images of 25 common agriculturally relevant plants of the southern inland New South Wales cropping and grazing region. Each PowerPoint slide was composed of two or three images, a general habit image and a close-up of the flowers and/or fruits (e.g. Fig. 1 ). The 25 species covered a wide range of uses (e.g. crop, pasture, weed) and covered a wide range of potential 'recognition', from species widely known by the general population (e.g. Paterson's curse) to widespread but probably little known species (e.g. brush wire grass). The surveys had CSU Human Research Ethics Committee approval. Participation in the surveys was not compulsory but was close to 100%. While not compulsory most students did name their survey forms. All surveys were conducted without giving notification that a survey was going to occur, i.e. there was no time for prior study. A standard survey answer sheet was used that allowed for answering with either a common name and/or scientific name. For marking, answers were recorded as either correct, partially correct (e.g. only 'barley' was recorded, rather than 'two-row barley' or 'barley grass'), incorrect or no response. For scoring, 'correct' was graded as a full mark, 'partially correct' as a half mark and 'incorrect' and 'no response' as no marks.
The classes surveyed were as follows: i) In the first class of a first session, first year Botany class (March 2011, 35 agriculture students; March 2012 55 agriculture students). This survey was completed by students from a variety of degrees but only surveys sheets from students in the agriculture degree were scored for this analysis, ii) In the first class of a first session, second year Crop and Pasture Science subject (March 2011, 52 students; March 2012, 26 students) . This subject had a major plant recognition component in the practical sessions. iii) In the second last week of the Crop and Pasture Science subject described above (May 2011) (45 students). iv) Four months later for the students who had completed Crop and Pasture Science in the previous session (September 2011) (31 students).
Thus, two main cohorts of students were surveyed, (i) students in their first week at university to assess what plant recognition skills they bring with them to university (2011, 2012) and (ii) second year students, at the beginning (2011 and 2012) and end of a subject that included plant recognition practicals and then again four months later (2011 only).
The selection of species for the survey and the administration of the survey were almost completely independent of the second year subjects. Apart from a single practical on remnant vegetation I had no involvement in the second year agriculture classes, i.e. there was no 'coaching' or bias regarding the species in the survey.
Results
The results were analysed from two main perspectives, the species and the students. For example, which species had high/low recognition values and possible reasons for this, and how the students performed in the surveys.
The 2012 first year group (55 students) were surveyed as to whether they had a rural (farm or small acreage) or urban upbringing and whether they had studied Agriculture as a subject in their final two years at high school. Almost 90% indicated they had a rural upbringing and about 65% had studied Agriculture before coming to university. Almost all answers were given as common names, only two answers of the several thousand responses were given as scientific species names. This reflects the almost universal use of common names by farmers and agronomists.
Agriculture students at the start of their studies recorded a relatively low level (average 35% 2011, 27% 2012) of recognition of the 25 species. A high level of variation in individual responses (6-66% 2011, 0-72% 2012) was recorded. Highest levels of recognition were for two species that, when in flower, are highly distinctive at a field level (Paterson's curse, canola; see Table  1 ). The three species in the survey that are capable of personal injury and/or discomfort (small nettle, Bathurst burr, cat's heads) also had relatively high levels of recognition (Table 1) . Some very important agricultural species (e.g. cocksfoot, lupins, phalaris, subterranean clover) had low (<20%) levels of recognition (Table 1 ). About 55% of the possible responses were left blank and about 13% of responses were incorrect, with about a quarter of these for two-row barley being called 'wheat'. The ordering of the species in terms of recognition was very similar between the 2011 and 2012 cohorts. The two most recognised species and the four most poorly recognised species were the same in both years, and only four species moved more than three positions between the two surveys.
A similar overall level of recognition (average 41% 2011, 42% 2012) was recorded for students at the start of their second year of studies and a very similar ordering of well and poorly known species was also recorded. A high level of individual variation (4-76% 2011, 2-84% 2012) was again recorded. 
Discussion
This study showed that, on average, commencing students enrolled in an agriculture science degree had a relatively low ability to recognise important agricultural species, including crops, pastures, weeds and remnant tree species. The similarity of the ranking of species' recognition in the 2011 and 2012 initial surveys indicates that, on average, students have quite similar abilities to recognise the individual species. There was a wide diversity of individual results from 0 to 72%. A high proportion of the students commencing studies in 2012 had a strong rural background but this did not translate into a strong ability to recognise plants of agricultural importance. These results indicate the need, at least at Charles Sturt University, for an emphasis on plant identification and recognition in the training of agricultural scientists and lecturers shouldn't assume that students with a farm background will have good plant recognition skills. It would be interesting to survey a group of first year university students enrolled in a nonbiological degree. It may be that the apparently low 30% recognition level of the agriculture students would be much higher than the general student population.
The six species with the highest levels of initial recognition (>50%) were either highly visible at a landscape level (Paterson's curse -purple paddocks, canola -yellow paddocks), had large distinctive flowers (opium poppy), had stinging leaves (small nettle) or had spines and/or fruits designed for animal dispersal (Bathurst burr, cat-head). Several agriculturally important and productive species had low (<20%) recognition levels, e.g. cocksfoot, phalaris, subterranean clover, lupin ( Table 1) .
The results for the students at the start of their second year of study indicate, on average, they had a minimal improvement in their plant recognition skills from their first year of study. This is understandable as the first year of the Agricultural Science degree has an emphasis on the basic sciences (botany, chemistry, microbiology, spatial science, soil science, animal anatomy and physiology). In only a couple of these subjects will crop and pasture plants be mentioned and then only in passing, not in terms of distinguishing features.
At the end of the second year Crop and Pasture Science subject, with plant recognition and identification practicals, the average student score had improved by about 50%. The spread of individual scores had improved from 4-76% to 24-92%. As could be expected those species that were previously well known (e.g. canola, Paterson's curse, small nettle) had only a relatively small improvement, while previously poorly known but agriculturally important species such as lupin, phalaris, subterranean clover and cocksfoot had over 100% improvement in recognition.
This cohort of students averaged 73% when tested four months later. This indicates retention and continuing improvement in recognition skills, rather than a decline as might be expected without practicals on plant recognition. In the second session of their second year studies the surveyed students were enrolled in 'Pastures and Rangelands' and 'Weed and Pesticide Science' subjects. These subjects do not have plant species identification or recognition practicals but do refer to a wide range of agricultural species in different contexts, e.g. pasture composition and productivity, weed control. This continued exposure apparently consolidated and expanded their recognition skills.
This paper would appear to be one of the few published studies documenting performance of students in agricultural plant recognition surveys. There have been various studies of how weed identification is taught (e.g. Lindquist et al. 1989 , Pearce and Appleby 1992 , Gallagher et al. 2007 ), but not a quantification of how skills can progressively develop. In a study apparently quite similar to the present one Lindquist et al. (1989) noted that at one United States university students took a 'comprehensive' weeds exam on the first and last days of class and six months after completing the subject. While the initial score is not given in Lindquist et al. (1989) the average scores for the final and post exams were 89% and 80%, respectively. Other published studies of plant species knowledge or recognition have often been based on free-listing surveys of school (e.g. Patrick and Tunnicliffe 2011, Campos et al. 2012) or university students (e.g. Wagner 2008), with apparently fewer studies having used recognition of species (images or samples; e.g. Bebbington 2005 ).
There were limitations in the survey design, not least that a different set of 25 species might produce quite different results. However, the wide spread of results for the initial surveys showed that a good diversity of species had been selected. Ideally the same groups of students would have been followed through the study, but the strong similarity (in terms of both overall student percentage and ordering of species) of the first year results in 2011 and 2012 indicates these two groups had similar recognition skills. The second year (2011) students completed the survey three times, thus there may have been some progressive improvement from 'habituation/familiarity'. However, the survey was not available to students in the interim and with three to four months between surveys and no forewarning that a survey was to be conducted the surveys are considered to be a true reflection of instantaneous recognition and recall. The inclusion of various types of control groups, e.g. surveying first year students enrolled in non-biological science degrees, would have been useful but was beyond the scope of this initial study.
The second year student survey results in 2011 were based, chronologically, on 52, 45 and 31 students. The declining number of participants was due to student withdrawals, students being absent on the day of a survey and, for the final survey, locating students who had been enrolled in the Crop and Pasture Science subject the previous session. Within this initial cohort of 52 students there were 26 students who could be tracked through all three surveys. This subset recorded average results very similar to that of the whole group averages and thus the results for the full groups are reported here.
It could be argued that the use of plant images in the surveys, rather than real plants, is not educational best practice. For canola it might be possible to present students with a small plant, perhaps in a pot at flowering stage, while the composite image (see Fig. 1 ) shows vigorous plants in a field situation, along with close ups of flowers and fruits, i.e. various stages of the life cycle. I would argue that the use of multiple, high quality images per species was a more complete assessment of student knowledge. In addition, this type of initial knowledge survey needs to be conducted at the start of the academic year, which in Australia is the end of summer. In southern inland New South Wales this is a period of hot dry conditions when there is little agronomic activity. Images are suggested as the best practical way to conduct the surveys under these conditions.
While these results indicate a progressive improvement in skills for these on-campus students across their second year there is room for improvement. The wide range of individual scores might indicate the need for a variety of learning strategies. Limitations in teaching agricultural plant recognition include the logistical constraints associated with providing live laboratory or field/glasshouse plants and the paucity of effective study materials. While a plethora of materials (books, CD, websites, etc) are available for identifying weeds and native plant species, little is available to allow students to effectively practice their recognition skills. These could include applications where images are randomly selected from a large pool of images and where students must type in the species name, not select from a short list of alternatives. An interactive online application for recognition of agricultural plants in the Riverina of NSW is currently being developed. This will use features seen in the Australian Plant Family Recognition (Burrows (Kirchoff 2008) . Plant recognition and/or identification applications suited to smartphones and pads/tablets (e.g. in the style of Leaf Snap) are needed to engage with the current generation of university students. While the relative benefits of live specimens versus web-based approaches to plant identification/recognition have been discussed (e.g. Anderson and Walker 2003 , Taraban et al. 2004 , Teolis et al. 2007 , live specimens combined with interactive applications combine the best of both approaches.
In conclusion, there may be an element of "I could have told you that!" about this type of survey of the knowledge of students starting university. Nevertheless I have found quantifying that these students with a strong rural background have a relatively poor knowledge of plant names to be useful. Quantifying which species most students know and which are poorly known is also useful in directing teaching emphasis and resources. I have conducted other similar types of initial knowledge assessments (e.g. Burrows and Harper 2012) and would recommend their use where appropriate.
